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The asymmetric unit of the title compound, [Ru(Ci5HnN 3 ) 2 ]- 
(ClO 4 ) 2 0.5H 2 O, contains one ruthenium-terpiridine complex 
cation, two perchlorate anions and one half-molecule of water. 
Face-to-face and face-to-edge 7r-stacking interactions between 
terpyridine units [centroid-centroid distances = 3.793 (2) and 
3.801 (2) A] stabilize the crystal lattice The partially occupied 
water molecule interacts with two perchlorate ions via O — 
H- ■ O hydrogen bonds. In the crystal lattice, the complex 
cations, perchlorate ion-water pairs and the second perchlo- 
rate anions are arranged into columns along b direction. 

Related literature 

For the preparation of terpyridine complexes with transition 
metals, see: Burstall & Nyholm (1952). For the structures of 
salts of complexes of ruthenium with terpyridine, see: Craig et 
al. (1998); Lashgari et al. (1999); Pyo et al. (1999); Tovee et al. 
(2009); Walstrom et al. (2009). For background to the prop- 
erties and applications of terpiridine complexes, see: Anders 
& Schubert (2004); Constable (2007); Plonska et al. (2002); 
Winkler et al. (2003, 2006). 




Experimental 

Crystal data 

[Ru(C 15 H u N 3 ) 2 ](ClO 4 ) 2 -0.5H 2 O 

M r = 775.51 

Monoclinic, P2Jn 

a = 8.7676 (2) A 

b = 8.8221 (9) A 

c = 39.118 (4) A 

P = 93.582 (5)° 

Data collection 

Agilent SuperNova (Dual, Cu at 
zero, Atlas) diffractometer 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2011) 
T mi „ = 0.801, r mK = 1.000 

Refinement 

R[F 2 > 2a(F 2 )} = 0.042 

wR(F 2 ) = 0.083 

S = 1.27 

6158 reflections 

439 parameters 

3 restraints 



2+ 



2 C10 4 " 



0.5 H 2 0 



V = 3019.8 (4) A 
Z = 4 

Mo Ka radiation 
jtt = 0.76 mm -1 
T = 100 K 

0.15 x 0.12 x 0.03 mm 



16537 measured reflections 
6158 independent reflections 
5858 reflections with / > 2a(I) 
R iM = 0.027 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.65 e A~ 3 

Ap mi „ = -1.17 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 

Cgl and Cg2 are the centoids of the N3A-C15A and N3B-C15B rings, 
respectively. 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


05-H5A---02A 1 


0.85 (2) 


1.98 (3) 


2.790 (6) 


159 (7) 


05— H3B---014 


0.85 (2) 


2.03 (3) 


2.824 (6) 


157 (7) 


C2B—H2B- ■ Cgl" 


0.95 


3.09 (1) 


3.945 (4) 


45 (1) 


C14A-H14/4-Cg2 iii 


0.95 


3.01 (1) 


3.878 (4) 


43(1) 


Symmetry codes: (i) — x - 


V2,-y + l,-z; 


(ii) x — 1, y, z; 


(iii) x,y + 1. z. 





Data collection: CrysAlis PRO (Agilent, 2011); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXD (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and Mercury (Macrae et al, 2006); soft- 
ware used to prepare material for publication: SHELXL97. 
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Comment 

A2,2':6',2"-terpyridine (tpy) compound, as chelating TV-donor, forms complexes with most of transition metals (Burstall 
et ah, 1952). The polyimine complexes of divalent transition metal cations are well known due to their photophysical and 
electrochemical properties (Anders et ah, 2004; Plonska et ah, 2002; Winkler et ah, 2003; Winkler et ah, 2006). 
Ruthenium complexes with terpyridyl or bipyridyl ligands might catalyze photochemical water oxidation (Constable, 
2007). The metal-to-ligand charge transfer processes in the visible region enable photo- and electroluminescence 
phenomena and make these applicable in a supramolecular chemistry (Constable, 2007). 

The asymmetric unit contains one divalent cation of the ruthenium-terpiridine complex, two perchlorate anions and a 
water molecule with a half-occupancy (Fig. 1). The crystal lattice is stabilized by terpyridine moieties and respective 
face-to-face and face-to-edge ^-stacking interactions. The partially occupied water molecule and one perchlorate anion 
are located in a proximity of the inversion center and a symmetry related water-anion pair is generated. Two hydrogen 
bonds 05 — H5A— 01 A and H5 — H5B-02A (equivalent anion -x + 2,-y + 1,-z) are formed between water molecule and 
oxygen atoms of perchlorate units. Geometrical parameters of hydrogen bond interactions are summarized in Table 1. In 
the crystal lattice each water molecule serves as a bridge between two symmetry dependent perchlorate units (Fig. 2). It is 
of note, that only one perchlorate unit and its symmetry-mates form hydrogen bonds with water molecules, whereas the 
second anion interacts with C-bonded hydrogen atoms (Fig 2). 

Experimental 

The transition metal complex salt, [Ru n (tpy) 2 ](C10 4 )2 was prepared according to the procedure described by Burstall et ah 
(1952). Crystals suitable for X-ray diffraction study were obtained at room temperature by a slow evaporation of 
[Ru n (tpy) 2 ](C10 4 )2 solution in acetonitrile. 

Refinement 

During the initial refinement steps, the occupancy factor for the water molecule was refined and it was in a range of 0.49- 
0.52. For the final refinement cycles, this occupancy was fixed at 0.5 with isotropic atomic displacement parameters for 
hydrogen atoms. All H atoms were located in electron density difference maps. C-bonded hydrogen atoms were 
constrained to idealized positions with C — H distances fixed at 0.95 A and 1.2£/ eq (C). O — H distances were fixed at 0.85 
A with t/ iso (H) = 1 .5U eq (C) and the positions of water hydrogen atoms were refined. 

Computing details 

Data collection: CrysAlis PRO (Agilent, 2011); cell refinement: CrysAlis PRO (Agilent, 2011); data reduction: CrysAlis 
PRO (Agilent, 2011); program(s) used to solve structure: SHELXD (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997) and Mercury (Macrae et ah, 2006); 
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software used to prepare material for publication: SHELXL97 (Sheldrick, 2008). 




Figure 1 

The molecular structure of the compound. Displacement ellipsoids are drawn at the 50% probability level. 




Figure 2 

Crystal packing viewed along b direction. Dashed lines represent hydrogen bonds between half-molecule of water and 
perchlorate anions. 
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Bis(2,2':6',2"-terpyridine)ruthenium(ll) bis(perchlorate) hemihydrate 



Crystal data 

[Ru(C 15 HnN3) 2 ](ClO 4 )2-0.5H 2 O 

M r = 775.51 

Monoclinic, P2\ln 

Hall symbol: -P 2yn 

a = 8.7676 (2) A 

6 = 8.8221 (9) A 

c = 39.118 (4) A 

,0 = 93.582 (5)° 

V= 3019.8 (4) A 3 

Z = 4 

Z)ata collection 

Agilent SuperNova (Dual, Cu at zero, Atlas) 

diffractometer 
Radiation source: SuperNova (Mo) X-ray 

Source 
Mirror monochromator 
Detector resolution: 10.4052 pixels mm 1 
co scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 201 1) 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > 2a(F 2 )] = 0.042 

wR{F*) = 0.083 

S = 1.27 

6158 reflections 

439 parameters 

3 restraints 

Primary atom site location: structure-invariant 
direct methods 



F(000) = 1564 

D x = 1.706 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 7538 reflections 

(9 = 2.5-26.3° 

fi = 0.76 mnT 1 

T= 100 K 

Plate, red 

0.15 x 0.12 x 0.03 mm 



r mm = 0.801, r max = l.ooo 

16537 measured reflections 
6158 independent reflections 
5858 reflections with/> 2a(I) 
R mt = 0.027 

^max 26.4 , 0 m [ n 2.5 



h = —10 — >10 

Jfc=0->11 

/=0^48 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = l/[a 2 (F 0 2 ) + (0.01 1 IP) 2 + 7.0042P] 

where P = (F a 2 + 2F 2 )/3 
(A/t7) max = 0.001 
A/w = 0.65 e A~ 3 
Ap mm = -1.17 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression ofF 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



y 



Occ. (<1) 



Rul 

N1A 

N3A 



0.35193 (3) 
0.2631 (3) 
0.4324 (3) 



0.33315 (3) 
0.1164 (3) 
0.5408 (3) 



0.127794 (6) 
0.12359 (7) 
0.11162 (7) 



0.01027 (7) 
0.0121 (5) 
0.0122 (5) 
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A ATA£ i £\ 

0.0306 (6) 


/"A /) A 

U4A 


A CTC/; /T \ 

0.62^6 (3) 


A T T £0 i A\ 

0.2268 (4) 


A AO /I O /I in\ 

0.02484 ( /) 


A A/1 T £ ZO\ 

0.0426 (8) 


<J3A 


A 0 1 A A //I \ 

0.8209 (4) 


A ACT A /T \ 

0.0534 (3) 


A AT AO 1 in\ 

0.03981 (7) 


A AT OT /T\ 

0.0383 (7) 


(JIA 


0.8611 (4) 


0.3124 (3) 


0.04797 (7) 


Pi Pi A AT /H\ 

0.0407 (7) 


CI IB 


0.32415 (9) 


A /I A\ 

0.8328 / (10) 


A TT 1 c/: o\ 

0.22156 (2J 


0.0208 / (18) 


HID 

U2B 


0.3394 (3) 


A HI A 1 (1\ 

0. / /41 (3) 


0.255 /6 (/J 


A AT £A {H\ 

0.0369 (/) 


(JIB 


A T A 1 1 /T \ 

0.3911 (3) 


0. /690 (3) 


A TAT £/C 

0.20366 (6) 


A ATTA i C\ 

0.02 /9 (6) 


03B 


0.5070 (3) 


0.9946 (3) 


0.22300 (7) 


0.0297 (6) 


04B 


0.6574 (3) 


0.7965 (4) 


0.20354 (7) 


0.0433 (8) 


05 


0.9985 (6) 


0.6020 (6) 


0.05038 (12) 


0.0266(11) 


H5A 


1.044 (8) 


0.639 (8) 


0.0339(13) 


0.040* 


H5B 


0.950 (8) 


0.523 (6) 


0.0438 (18) 


0.040* 



Atomic displacement parameters (A 1 ) 





U n 




IP 2 


LP 3 




U n 


U n 




ip 


Rul 


0.00989 (12) 


0.00929 (12) 


0.01172(13) 


-0.00013 (10) 


0.00132 (9) 


-0.00072 (10) 


N1A 


0.0079 


(12) 


0.0103 (13) 


0.0179 


(13) 


0.0022 (10) 


0.0002 


110) 


-0.0004(11) 


N3A 


0.0100 


(12) 


0.0096 (13) 


0.0173 


(13) 


0.0017 (10) 


0.0025 


:io) 


-0.0008 (11) 


C15A 


0.0119 


(14) 


0.0129(16) 


0.0179 


(16) 


0.0005 (12) 


0.0008 


;i2) 


-0.0028 (13) 


CIA 


0.0130 


(15) 


0.0161 (17) 


0.0171 


(16) 


0.0008 (13) 


0.0000 


;i2) 


0.0015 (13) 


C10A 


0.0114 


(15) 


0.0123 (16) 


0.0181 


(16) 


0.0039 (12) 


0.0010 


;i2) 


0.0001 (13) 


C10B 


0.0158 


(15) 


0.0109(16) 


0.0168 


(16) 


-0.0039 (12) 


0.0002 


;i2) 


0.0007 (13) 


C11A 


0.0123 


(15) 


0.0145 (16) 


0.0171 


(16) 


0.0030 (13) 


0.0031 


;i2) 


-0.0005 (13) 


C5A 


0.0101 


(15) 


0.0129(16) 


0.0194 


(16) 


0.0024 (12) 


0.0003 


;i2) 


-0.0015 (13) 


C12A 


0.0190 


(16) 


0.0153 (17) 


0.0198 


(17) 


-0.0005 (13) 


0.0031 


;i3) 


0.0031 (14) 


C2A 


0.0150 


(16) 


0.0119(16) 


0.0273 


(18) 


0.0037 (13) 


0.0013 


;i3) 


0.0053 (14) 


C15B 


0.0171 


(16) 


0.0126(16) 


0.0175 


(16) 


-0.0028 (13) 


0.0047 


;i2) 


-0.0005 (13) 


C4A 


0.0153 


(16) 


0.0145 (17) 


0.0221 


(17) 


0.0000 (13) 


-0.0012 


.(13) 


-0.0031 (14) 


C12B 


0.0168 


(16) 


0.0195 (17) 


0.0228 


(17) 


-0.0005 (14) 


-0.0030 (13) 


0.0026 (15) 


C8A 


0.0236 


(18) 


0.028 (2) 


0.0122 


(16) 


-0.0017(15) 


0.0000 


;i3) 


-0.0018(14) 


C9A 


0.0204 


(17) 


0.0187(18) 


0.0162 


(16) 


0.0000 (14) 


0.0026 


;i3) 


0.0009 (14) 


C14A 


0.0165 


(16) 


0.0143 (16) 


0.0260 


(18) 


-0.0020(13) 


0.0018 


;i3) 


-0.0038 (14) 


C3A 


0.0157 


(16) 


0.0118(16) 


0.036 (2) 


-0.0042 (14) 


0.0000 


;i4) 


-0.0010(15) 


C13A 


0.0193 


(17) 


0.0129(17) 


0.0297 


(19) 


-0.0023 (13) 


0.0047 


;i4) 


0.0044 (14) 


C4B 


0.0207 


(17) 


0.0141 (17) 


0.0240 


(18) 


0.0010(14) 


0.0093 


;i4) 


0.0003 (14) 


C7B 


0.0258 


(18) 


0.0160(17) 


0.0178 


(17) 


-0.0032 (14) 


0.0088 


;i3) 


-0.0030 (14) 


N2B 


0.0133 


(13) 


0.0081 (13) 


0.0161 


(13) 


-0.0015 (10) 


0.0028 


;io) 


-0.0007 (10) 


C6B 


0.0149 


(15) 


0.0089 (15) 


0.0195 


(16) 


-0.0024 (12) 


0.0044 


(12) 


-0.0017(13) 


C14B 


0.0152 


(16) 


0.0146(16) 


0.0262 


(18) 


0.0000 (13) 


0.0073 


;i3) 


-0.0003 (14) 


C1B 


0.0159 


(16) 


0.0100(16) 


0.0228 


(17) 


-0.0028 (13) 


0.0005 


;i3) 


0.0017(13) 
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cuts 


A A 1 /I T / 1 £\ 

U.U14 / (16) 


A A1 0/1 /1 OA 

U.U 154 (lo) 


A ATO /OA 
U.U3Z (Z) 


O AA1 A /1 A\ 

U.UU1U (14) 


A AA1 1 /1 /I A 

U.UU13 (14) 


A AA/1 1 /1 £A 

U.UU41 (ID) 


CdB 


U.U 1 54 (16) 


A AA"7£ /I r\ 
U.UU/6 (ID) 


A A 1 A A /I ZCA 
U.U 194 (16) 


A AA0 T / 1 OA 

—U.UUZ5 (lz) 


A AA/CC / 1 A 

U.UU6D (13) 


A AAA/: / 1 T A 

U.UUU6 (13) 


CzB 


U.U134 (16) 


A A 1 C A / 1 TA 
U.U1D9 (1 /) 


A AT T /OA 

U.U33 (Z) 


A AAAC / 1 T A 

U.UUUD (13) 


A A A 1 O / 1 -1 A 

U.UU19 (14) 


A AA/1/: /1 CA 

U.UU46 (Id) 




A AI /r-7 /i TA 

U.U16 / (1 / ) 


A A1 £T /1 TA 
U.U1D / (1 /) 


A AT£ /OA 

U.U36 (z) 


O AOTA /1 A\ 

U.UU3U (14) 


A A1 1 1 /1 /1A 

U.U111 (14) 


O AOO 1 /1 £A 

U.UUzl (ID) 


Cots 


a mm / i oa 
u.uzyz (IV) 


A AO 1 A /I OA 

u.uziy (iy) 


A A1 1A /1 /;a 
U.U134 (16) 


A AA/^/l /I £A 

— U.UU64 (ID) 


A AAAO /1 TA 

U.UUUo (13) 


A OA1 O /I /I A 

— U.UUlo (14) 


C9B 


A AO 1 O / 1 TA 

U.Uzlz (1 /) 


A AI Ol / 1 TA 

U.U18 / (1 /) 


A A 1 T 1 / 1 £A 

U.U1 /l (16) 


A A A 1 O / 1 A A 
— U.UUlZ (14) 


A AA/1 A / 1 *3 A 

— U.UU49 (13) 


A AAAA / 1 -1 A 

U.UUUU (14) 


JN IB 


A A1 oo /i ta 
U.UlZZ (13) 


A AAOT /1 1\ 

U.UU53 (13) 


A A 1 TO /1 A\ 

U.U1 /9 (14) 


A AAOO /1 AA 

—U.UUZlS (1U) 


A AAl A /1 OA 
U.UU3U (1U) 


A OAA/1 /1 1 A 

— U.UUU4 (11) 


XTO A 

NzA 


U.U111 (lz) 


AA111 /I T A 
U.U111 (13) 


AA1CC / 1 T A 
U.UlDD (13) 


A A A 1 1 / 1 AA 
U.UU13 (1U) 


A A A 1 O / 1 AA 
U.UUlZ (1U) 


A AAAA / 1 1 A 

U.UUUU (11) 


C£ A 

Co A 


ftniiir /l /|A 
U.U116 (14) 


a nm /1 £A 
U.Ulz / (16) 


n nior /i /:a 
U.UloD (16) 


O AHIA /1 OA 

U.UU3U (lz) 


A AA1 "7 /1 OA 
U.UU1 / (1/) 


A AAOT /I TA 

—U.UUZ / (13) 


xtt o 
JN3B 


a ai 1 1 /n\ 
U.U111 (12) 


AA1A1 / 1 T A 
U.U1U1 (13) 


AA1CC / 1 T A 

U.UlDD (13) 


A AAO/C / 1 AA 

— U.UUzo (1U) 


A AAAA / 1 AA 
U.UUUU (1U) 


A A A 1 A / 1 1 A 
U.UU1U (11) 


r^T a 
C /A 


a ai no /1 /:a 
U.U198 (16) 


A AOA/I /I OA 

U.UZU^ (Is) 


A A1 OA /1 "7A 
U.U19U (1 /) 


A AAO 1 /1 ^A 

—u.uuzi (Id) 


A OA1 A /I TA 
— U.UU1U (13) 


A AA/1 A /1 /lA 

— U.UU44 (14) 


CI IB 


C\ f\ \ A A / 1 C A 

U.U144 (ID) 


A A 1 OA / 1 /CA 

U.UlzU (16) 


A A 1 TC / 1 ZCA 
U.U1 /D (16) 


A AA/1 O / 1 "5 A 

— U.UU49 (13) 


A AAAO / 1 O A 

U.UUUo (lz) 


A AAA A / 1 T A 

U.UUU4 (13) 


Cll A 


a nim //1A 
U.UZU/ (4) 


A AOA1 //1A 
U.UZU I (4) 


A 01 71 //tA 
U.U I /Z (4) 


A AAA£ /TA 

U.UUUD (3) 


A OA 1 1 /TA 

U.UU13 (3 ) 


A AAOO /TA 

—U.UUZZ (3) 


/"\0 A 

UzA 


a at /;o /i ?\ 
U.U369 (Id) 


A A "5 TO / 1 ZCA 
U.U3 /Z (16) 


AAIO/1 / 1 T A 

U.U184 (13) 


A A A 1 O / 1 1 A 

U.UUlz (13) 


A AAO"T / 1 1 A 

U.UU/3 (11) 


A AAOT / 1 O A 

—U.UUz / (lz) 


r\A a 
U4A 


A aoo /: / 1 A A 

U.Uzzo (14) 


A ATO /OA 
U.U/Z (Z) 


a / 1 £A 
U.U33 / (16) 


A AAOO" / 1 CA 

U.UU9/ (ID) 


A AAO H / 1 O A 

U.UUz / (lz) 


A A1TA /1/TA 
U.U139 (16) 


/~\T A 

U3A 


A A/TO /OA 

U.U6Z (z) 


A AO £ /I M C\ 

U.UZ64 (ID) 


A AO/CT / 1 CA 

U.UZ63 (ID) 


AAIOO /1/1A 

U.Ulzs (14) 


A A A AT / 1 T A 

—U.UUV/ (13) 


AAA11 /10A 

U.UUll (lz) 


r\ 1 a 
U1A 


A A££A / 1 OA 

U.UD6U (IV) 


A HIO^ /I OA 

U.U3VD (lo) 


A AO£T /I ^A 

U.UZ63 (ID) 


AA1C2 /1<A 

— U.U153 (ID) 


A AA1 O /1 TA 
U.UUlZ (13) 


A 01 OT /1 TA 

—U.Ulz / (13) 


r^i 1 o 
CUB 


a //ia 
U.UZ36 (4) 


A A1 O/l //IA 

U.U 194 (4) 


A A 1 01 //IA 

U.U191 (4) 


A AAC/1 /TA 

U.UUd^ (3) 


A AAOT /TA 

-U.UUZ3 (3) 


o nnc/ /TA 
— U.UUD6 (3) 


02B 


0.0604 (19) 


0.0273 (15) 


0.0211 (14) 


0.0101 (14) 


-0.0127(13) 


0.0005 (12) 


OIB 


0.0301 (14) 


0.0306 (15) 


0.0218(13) 


-0.0036 (12) 


-0.0073 (11) 


-0.0022 (11) 


03B 


0.0389 (16) 


0.0187(13) 


0.0330(15) 


-0.0019 (12) 


0.0143 (12) 


-0.0010(12) 


04B 


0.0276 (15) 


0.059 (2) 


0.0432 (17) 


0.0136(14) 


0.0025 (13) 


-0.0240(16) 


05 


0.034 (3) 


0.025 (3) 


0.021 (3) 


-0.010 (2) 


-0.002 (2) 


0.005 (2) 



Geometric parameters (A, °) 



Rul— N2A 


1.984 (3) 


C14A— C13A 


1.386 (5) 


Rul— N2B 


1.986 (3) 


C14A— H14A 


0.9500 


Rul— N1A 


2.067 (3) 


C3A— H3A 


0.9500 


Rul— N3B 


2.072 (3) 


C13A— H13A 


0.9500 


Rul— NIB 


2.073 (3) 


C4B— C3B 


1.381 (5) 


Rul— N3A 


2.076 (3) 


C4B— C5B 


1.394 (4) 


N1A— CIA 


1.350 (4) 


C4B— H4B 


0.9500 


N1A— C5A 


1.376 (4) 


C7B— C8B 


1.388 (5) 


N3A— C15A 


1.342 (4) 


C7B— C6B 


1.393 (4) 


N3A— C11A 


1.383 (4) 


C7B— H7B 


0.9500 


C15A— C14A 


1.384 (5) 


N2B— C6B 


1.352 (4) 


C15A— HI 5 A 


0.9500 


C6B— C5B 


1.474 (4) 


CIA— C2A 


1.387 (5) 


C14B— C13B 


1.381 (5) 


CIA— H1A 


0.9500 


C14B— H14B 


0.9500 


CI OA— N2A 


1.354 (4) 


CIB— NIB 


1.345 (4) 


CI OA— C9A 


1.399 (4) 


CIB— C2B 


1.384 (5) 


C10A— C11A 


1.470 (4) 


CIB— HIB 


0.9500 


CI 0B— N2B 


1.351 (4) 


C13B— H13B 


0.9500 


CI 0B— C9B 


1.396 (4) 


C5B— NIB 


1.375 (4) 


C10B— CUB 


1.469 (4) 


C2B— C3B 


1.385 (5) 


C11A— C12A 


1.389 (4) 


C2B— H2B 


0.9500 


C5A— C4A 


1.388 (4) 


C3B— H3B 


0.9500 


C5A— C6A 


1.468 (4) 


C8B— C9B 


1.382 (5) 


C12A— C13A 


1.387 (5) 


C8B— H8B 


0.9500 
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C12A— H12A 


0.9500 


C9B— H9B 


0.9500 


C2A — C3A 


1.384 (5) 


N2A— C6A 


1.349 (4) 


C2A— H2A 


0.9500 


C6A— C7A 


1.394(4) 


C15B — N3B 


1.344 (4) 


N3B— CUB 


1.371 (4) 


C15B— C14B 


1.388 (4) 


C7A— H7A 


0.9500 


C15B— H15B 


0.9500 


CI 1 A— 04 A 


1.427 (3) 


C4A— C3A 


1.380 (5) 


C11A— 01A 


1.430(3) 


C4A— H4A 


0.9500 


CI 1 A— 03 A 


1.432 (3) 


C12B— C13B 


1.378 (5) 


CI 1 A— 02 A 


1.438 (3) 


C12B— CUB 


1.387 (4) 


CUB— 02B 


1.433 (3) 


C12B— H12B 


0.9500 


CUB— 03B 


1.437 (3) 


C8A— C7A 


1.384 (5) 


CUB— 01B 


1.437 (3) 


C8A— C9A 


1.386 (5) 


CUB— 04B 


1.438 (3) 


C8A — H8A 


0.9500 


05— H5A 


0.85 (2) 


C9A— H9A 


0.9500 


05— H5B 


0.85 (2) 


N2A— Rul— N2B 


178.09(11) 


C12A— C13A— HI 3 A 


120.7 


N2A— Rul— N1A 


78.99 (10) 


C3B— C4B— C5B 


119.5 (3) 


N2B— Rul— N1A 


102.30(10) 


C3B— C4B— H4B 


120.2 


N2A— Rul— N3B 


102.56 (10) 


C5B— C4B— H4B 


120.2 


N2B— Rul— N3B 


78.88 (10) 


C8B— C7B— C6B 


118.4 (3) 


N1A— Rul— N3B 


90.37 (10) 


C8B— C7B— H7B 


120.8 


N2A— Rul— NIB 


99.82 (10) 


C6B— C7B— H7B 


120.8 


N2B— Rul— NIB 


78.78 (10) 


C6B— N2B— CI OB 


121.6 (3) 


N1A— Rul— NIB 


92.06 (10) 


C6B— N2B— Rul 


119.3 (2) 


N3B— Rul— NIB 


157.54 (10) 


CI OB— N2B— Rul 


119.1 (2) 


N2A— Rul— N3A 


78.81 (10) 


N2B— C6B— C7B 


120.1 (3) 


N2B— Rul— N3A 


99.93 (10) 


N2B— C6B— C5B 


112.7 (3) 


N1A— Rul— N3A 


157.73 (10) 


C7B— C6B— C5B 


127.2 (3) 


N3B— Rul— N3A 


92.65 (10) 


C13B— C14B— C15B 


118.9 (3) 


NIB— Rul— N3A 


93.49 (10) 


C13B— C14B— H14B 


120.5 


CIA— N1A— C5A 


118.1 (3) 


C15B— C14B— H14B 


120.5 


CIA— N1A— Rul 


128.2 (2) 


NIB— C1B— C2B 


122.5 (3) 


C5A— N1A— Rul 


113.7 (2) 


NIB— C1B— H1B 


118.7 


C15A— N3A— C11A 


118.1 (3) 


C2B— C1B— H1B 


118.7 


C15A— N3A— Rul 


127.7 (2) 


C12B— C13B— C14B 


119.6(3) 


C11A— N3A— Rul 


114.1 (2) 


C12B— C13B— H13B 


120.2 


N3A— C15A— C14A 


122.7 (3) 


C14B— C13B— H13B 


120.2 


N3A— C15A— H15A 


118.7 


NIB— C5B— C4B 


121.2 (3) 


C14A— C15A— H15A 


118.7 


NIB— C5B— C6B 


114.9(3) 


N1A— CIA— C2A 


122.4 (3) 


C4B— C5B— C6B 


123.8(3) 


N1A— CIA— H1A 


118.8 


C1B— C2B— C3B 


119.4 (3) 


C2A— CIA— H1A 


118.8 


C1B— C2B— H2B 


120.3 


N2A — CI OA — C9A 


120.0 (3) 


C3B— C2B— H2B 


120.3 


N2A — CI OA — C11A 


113.2 (3) 


C4B— C3B— C2B 


119.1 (3) 


C9A — CI OA — C11A 


126.8 (3) 


C4B— C3B— H3B 


120.5 


N2B— CI OB— C9B 


120.5 (3) 


C2B— C3B— H3B 


120.5 


N2B— CI OB— CUB 


112.7(3) 


C9B— C8B— C7B 


121.3 (3) 


C9B— CI OB— CUB 


126.8 (3) 


C9B— C8B— H8B 


119.3 
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XT1 A Z" -1 1 1 A P 1 1 A 

N3A — CllA — ClzA 


111 1 /I \ 

121.1 (3) 




P ~7 T~> POT) TTOT) 

C7B — CoB — H8B 




1 1 A 1 

119.3 


~VT1 A P 1 1 A /" ■• 1 A A 

N3A — Gil A — CI OA 


114.5 (3) 




POT) PAT) P1 AT) 

C8B — C9B — C 1 0B 




1 1 O A /I \ 

118.0 (3) 


p i i a r*n a n a a 

C12A — CllA — CI OA 


124.3 (3) 




POT) PAT) TTAT) 

C8B — C9B — H9B 




111 A 

121.0 


XT 1A C A fit A 

N 1 A — C5A — C4A 


111 C /") \ 

121.5 (3) 




C 1 0B — C9B — H9B 




121.0 


XT1 A A /"""/^ A 

JN 1 A — C5A — C6A 


1 1 C 1 /I \ 

115.2 (3) 




CIB — N IB — C5B 




118.3 (3) 


C4A — C5A — C6A 


111 1 /") \ 

123.3 (3) 




P 1 T) XT 1 T~"> T) 1 

CIB — NIB — Rul 




1 n /i\ 

127.6 (2) 


nn i P 1 1 A P 1 1 A 

C13A — C12A — CllA 


119.8 (3) 




PCT) XT1T) T> 1 

C5B — NIB — Rul 




^ ^ a 1 /i\ 

114.1 (2) 


A P 1 1 A tti T A 

C13A — ClzA — HlzA 


1 1A 1 

lzO.l 




p /" a XT1 A P 1 A A 

CoA — NzA — C10A 




111 H /I \ 

121.6 (3) 


1 A P 1 1 A TT1 1 A 

CllA — ClzA — HlzA 


1 1 A 1 

lzO.l 




PzT A XT1 A T) , , 1 

CoA — NzA — Kul 




1 1 A 1 /1\ 

119.1 (2) 


p "> * /~*1 A P 1 A 

C3A — C2A — CIA 


1 1 A 1 /I \ 

119.2 (3) 




P 1 A A XT1 A T) 1 

CI OA — N2A — Rul 




1 1 A 1 /1\ 

119.2 (2) 


p 1 * PI A TTI A 

C3A — C2A — H2A 


1 1 A A 

120.4 




XT1 A p /" a PI A 

N2A — C6A — C7A 




1 1 A C /") \ 

120.5 (3) 


P 1 A /" ■• f"» a tti A 

C 1 A — C2 A — H2 A 


120.4 




XT1 A P/" A l~ A C A 

N2A — C6A — C5A 




1 1 1 O /") \ 

112.8 (3) 


N3B — C15B — C14B 


111 A /I \ 

122.4 (3) 




p "7 a p /_ a PC A 

C7A — C6A — C5A 




126.7 (3) 


N3B — C15B — H15B 


1 1 O O 

118.8 




P1CT) XT1T) P11T) 

C15B — N3B — CUB 




118.5 (3) 


f ' i ^ r-) p i f" r-> TT1 f n 

C14B — C15B — H15B 


118.8 




P1 C Tt XT")T) T) 1 

C15B — N3B — Rul 




1 n z' /i \ 

127.6 (2) 


C3A — C4A — C5A 


119.4 (3) 




P 1 1 T) XT") T) Tt 1 

CUB — N3B — Rul 




1 1 1 O /1\ 

113.8 (2) 


PI A P A A TT/I A 

C3A — C4A — H4A 


1 1A 1 

120.3 




PO A PT A p /_ A 

C8A — C7A — C6A 




1 1 O C /I \ 

118.5 (3) 


f • r A P /I A TT/I A 

C5A — C4A — H4A 


1 1A 1 

120.3 




PO A p -7 A I n A 

C8A — C7A — H7A 




1 1A O 

120.8 


C13B — C12B — CUB 


119.4 (3) 




P/" A P"7 A T T "7 A 

C6A — C7A — H7A 




120.8 


c ' i o o rnn tti in 

CUB — ClzB — HlzB 


1 1A 1 

120.3 




XT1T) pi IT) P11T) 

N3B — CUB — ClzB 




111 1 /">\ 

121.3 (3) 


pi i n pnri T T 1 in 

CUB — ClzB — HlzB 


120.3 




XT1 T) pi IT) P 1 AT) 

N 3 B — C 1 1 B — C 1 0B 




1 1 C 1 /I A 

115.3 (3) 


p -7 a p o A P ( \ a 

C7A — C8A — C9A 


1 1 A A /I \ 

120.9 (3) 




P11T) P11T) P1 AT) 

C12B — CUB — CI 0B 




111 >1 /I \ 

123.4 (3) 


p -7 a /"i o A TTO A 

C7A — C8A — H8A 


119.5 




Pi /I A pi 1 a /"\ 1 a 

04 A — CI 1 A — 0 1 A 




1 A A 1 /I \ 

109.1 (2) 


p l\ a p o A TTO A 

C9A — CoA — H8A 


1 1 A C 

119.5 




/ \ A A pi 1 A AO A 

(J4 A — C 1 1 A — <J3 A 




1 1 A A "7 / 1 A\ 

110.07 (19) 


pi q A r'A A P 1 A A 

CoA — C9A — C10A 


118.5 (3) 




P* 1 A pi 1 A p. ") a 

OlA — CllA — U3A 




1 AH 1 A i 1 o\ 

109.10 (18) 


p o a pa a r in a 

CoA — C9A — H9A 


120.7 




Pi /I A PI 1 A /"vl A 

CHA — CllA — (J2A 




1AO OO 

108.88 (16) 


f • i r\ a P f A « T T A A 

CI OA — C9A — H9A 


120.7 




1 A pi 1 a /^1 A 

OlA — CllA — 02A 




1 AA AA / 1 "7 \ 

109.99 (17) 


ni f A pi ^ A P 1 1 A 

C 1 5 A — C 1 4A — C 1 3 A 


i in £ /I \ 

119.6 (3) 




Pil A PI 1 A PI A 

(J3A — CllA — UzA 




1 AA £ C / 1 T\ 

109.65 (17) 


fir A ni ^ a TTl/lA 

C 1 j A — C 1 4 A — H 1 4 A 


1 oa o 
120.2 




mo pi 1 D AID 

UzB — CI IB — U3B 




1 AO AO /1 £\ 

109.08 (16) 




1 90 9 
1ZU.Z 




n?R H1R 




1 OQ 78 fM\ 
l \Jy . / o yl 1 ) 


C4A— C3A— C2A 


119.4 (3) 




03B— CUB— 01B 




108.93 (16) 


C4A— C3A— H3A 


120.3 




02B— CUB— 04B 




110.22(18) 


C2A— C3A— H3A 


120.3 




03B— CUB— 04B 




109.33 (18) 


C14A— C13A— C12A 


118.6(3) 




01B— CUB— 04B 




109.47(16) 


C14A— C13A— H13A 


120.7 




H5A— 05— H5B 




110 (5) 


Hydrogen-bond geometry (A, ") 












Cgl and Cg2 are the centoids of the N3A-C15AandN3B-C15B rings, respectively. 






D—R-A 




D — H 


U-A 


D-A 


D — U-A 


05—U5A-02A 1 




0.85 (2) 


1.98 (3) 


2.790 (6) 


159 (7) 


05— H55-OL4 




0.85 (2) 


2.03 (3) 


2.824 (6) 


157(7) 


C25— mB-Cgl" 




0.95 


3.09(1) 


3.945 (4) 


45(1) 


Cl4A—m4A-Cg2"> 




0.95 


3.01 (1) 


3.878 (4) 


43(1) 



Symmetry codes: (i) -x+2, -y+\, -z; (u)x-\,y, z; (hi) x, y+l, z. 
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